D etection bias is an important source of bias in epidemiologic studies. It arises when the likelihood of a disease being diagnosed (rather than caused) is different according to different levels of an exposure. 1 When researchers are interested in the causal effect of a disease or other correlate of intensity of medical care on an outcome, the possibility of detection bias must be addressed. This scenario is particularly true for scrutiny-dependent cancers (ie, cancers for which screening plays a role in detection), including skin cancer. 2 For example, in a hypothetical study of diabetes as a risk factor for basal cell carcinoma (BCC), people with diabetes may be more likely to be diagnosed with BCC because they see a physician regularly for diabetes-related physical examinations. Any increase in the risk of BCC associated with diabetes may result all or in part from patients' interaction with the health care system, rather than from any etiologic link between the 2 diseases. To demonstrate the potential for detection bias in epidemiologic studies related to skin cancers, we examined the association between various health maintenance practices and diagnosis of squamous cell carcinoma (SCC), BCC, and melanoma in the Nurses' Health Study (NHS) and the Health Professionals Follow-up Study (HPFS), large US cohorts of women (NHS) and men (HPFS).
Methods
Participants in the Nurses' Health Study were followed up from June 1, 1990 For the analysis of each skin cancer, we excluded participants with a history of that skin cancer prior to 1990. Participants were followed up until their death; diagnosis of SCC, BCC, or melanoma; or the end of follow-up, whichever came first. Statistical analysis was performed from April 4, 2017, to May 16, 2018. We used Cox proportional hazards regression models to calculate age-adjusted and multivariable-adjusted hazard ratios (HRs) and 95% CIs for the association between various health maintenance practices and risk of SCC, BCC, and melanoma. For the analysis of each type of skin cancer, we additionally adjusted for previous diagnoses of the other 2 skin cancer types, as being diagnosed with 1 type of skin cancer increases the likelihood of being diagnosed with subsequent skin cancers. For physical examination performed by a physician, we additionally examined the exposure as a categorical variable (no examination, examination for screening purposes, and examination in response to symptoms). We studied the exposures as cumulative variables, where, once a participant has undergone that screening practice, he or she is considered exposed going forward. For physical examination performed by a physician, we used random-effects meta-analysis to calculate pooled HRs and 95% CIs between the 2 cohorts. We conducted a sensitivity analysis in which we additionally adjusted for various lifestyle covariates (body mass index; alcohol, caffeine, and citrus intake; and cigarette smoking). We conducted secondary analyses with melanoma in situ as the outcome. We performed secondary analyses for invasive melanoma stratified by body site of the primary tumor (head and neck vs other). We also examined our results stratified by calendar year (1990-1999 and 2000 and after). We used SAS, version 9.2 (SAS Institute Inc) for all statistical analyses. All statistical tests were 2-sided with significance defined as P < .05.
Results
In the NHS, we followed up with 77 736 women for 1 388 523 person-years and identified 14 319 incident BCCs, 1517 SCCs, and 506 melanomas. In the HPFS, we followed up with 39 756 men for 635 319 person-years and identified 8741 incident BCCs, 1191 SCCs, and 469 melanomas. The mean (SD) age at baseline was 56 (7) years in the NHS and 58 (10) years in the HPFS.
Overall, positive associations were seen in age-adjusted models between most health care screening practices and BCC and SCC, with more modest or no associations for melanoma (Table) . Positive associations were generally attenuated in
Key Points
Question Does undergoing health care screening practices increase the likelihood of being diagnosed with skin cancer?
Findings In this cohort study of 117 492 individuals from the Nurses' Health Study and Health Professionals Follow-up Study, health care screening practices, including physical examinations performed by a physician, were associated with increased diagnosis of skin cancer, particularly basal cell carcinoma and squamous cell carcinoma.
Meaning Researchers should be aware of this association and, where appropriate and possible, condition analyses of skin cancer risk on measures of health care use, including screening, to minimize the effect of confounding from detection bias. 
Discussion
In this study focused on epidemiologic methods, we found positive associations between health care screening practices and skin cancer independent of skin cancer risk factors. Not all findings were statistically significant, but associations can introduce bias even in the absence of statistical significance. In general, more positive associations were seen for SCC and BCC. For melanoma, the association was more pronounced for lesions that were not on the head and neck. For obvious reasons, it is implausible that screening practices themselves cause an increased risk for skin cancer; our findings are not meant to draw any clinical conclusions.
Rather, it is more likely that participants who actively engage with the health care system broadly, and undergo health screening practices in particular, will be diagnosed with skin cancers that would go undetected among those who are less engaged. It is unclear why our findings were more pronounced for SCC, followed by BCC, then melanoma. Results for BCC may have been attenuated by our reliance on self-report: misclassification may have biased our results toward the null. Screening practices may have less of an association for melanoma, as these are often detected by patients themselves. 5 
Strengths and Limitations
Advantages of the cohort studies used for this analysis are their long duration of follow-up, validated data on skin cancer, and information on a wide variety of health care screening practices. However, given that our participants were nurses and health professionals, the findings in these populations may produce results that differ in the extent of bias from other, less medically sophisticated populations.
Conclusions
Our findings have important implications for skin cancer epidemiology research. Previous studies have found associations between various medical conditions and skin cancer risk without accounting for detection bias; these previous publications should be considered in that light because the associations might be confounded by health screening behavior. [6] [7] [8] Going forward, we encourage investigators studying skin cancer risk factors to account, whenever possible, for detection bias. Various strategies can be used, including conditioning on detection-related variables by restriction, stratification, or adjustment.
1 This is particularly imperative for studies on SCC and BCC and with exposures that can be easily linked with contact with the health care system.
